The influence of two different oil processing methods and four different meal origins 19 on the digestibility of canola meals when fed to barramundi (Lates calcarifer) were 20 examined in this study. The apparent digestibility coefficients were determined using the 21 diet-substitution method with faeces collected from fish using stripping techniques. The 22 protein content of the solvent extracted (SE) canola meals (370-423 g/kg DM) was higher 23 than that of the expeller extracted (EX) canola meal (348 g/kg DM), but the lipid content was 24 lower than that of the expeller extracted canola meal. Amongst the SE canola meals, the 25 protein digestibility of the canola meals from Numurkah and Newcastle was similar (84.1% 26 and 86.6% respectively), but significantly higher than that of the canola meal from Footscray 27 (74.5%). The protein digestibility was the lowest (63.1%) for the EX canola meal. The 28 energy digestibility of the canola meals (43.1-52.5%) was similar to that of the lupin (54.8%) 29 except for the lower of SE canola from Footscray (32.4%). The SE canola meals provide 30 276-366 g/kg DM of protein while that of the EX is only 220g/kg DM. The digestible energy 31 content of the SE canola meal Footscray (6.5 MJ/kg) was lower than the other canola meals 32
Digestibility of canola meals in barramundi (
growth and feed utilisation efficiency when fed diets containing canola meal. These include 46 rainbow trout (Yurkowski et al., 1978; Hilton & Slinger, 1986; McCurdy & March, 1992 ; 47 different growing conditions (e.g. weather and soil type), are also able to influence the 70 nutrient composition of canola meal. Moreover, crushing plants may have effects on quality 71 of CM products by adding some of the gums or soapstocks into the meal (Bell, 1993; 72 Hickling, 2001 ). Therefore, a comprehensive assessment of this ingredient should include an 73 examination of the variation in nutritional value of canola meal based on different processing 74 methods and origin. 75
There are several key steps to effectively assess a raw material for aquafeed. Initially, 76 158
Chemical analyses 159
Diets, ingredients and faecal samples were analysed for dry matter, yttrium, ash, total 160 lipid, nitrogen, amino acids and gross energy content. Canola meals were also analysed for 161 neutral detergent fibre (NDF), acid detergent fibre (ADF), lignin, phytic acid, tannins, 162 polyphenolic compounds and glucosinolates. 163
Dry matter was calculated by gravimetric analysis following oven drying at 105ºC for 164 24 h. Total yttrium concentration was determined after mixed acid digestion using 165 inductively coupled plasma mass spectrometry (ICP-MS: ELAN DRC II, Perkin Elmer) 166 based on the method described by (McQuaker et al., 1979) . Protein levels were calculated 167 from the determination of total nitrogen by organic elemental analyser (Flash 2000, Thermo 168
Fishery Scientific), based on N x 6.25. Amino acid composition of samples, except for 169 tryptophan, was determined by an acid hydrolysis (HCl) at 110 0 C for 24 h prior to 170 separation via HPLC. Total lipid content of the diets and ingredients was determined 171 gravimetrically following extraction of the lipids using chloroform: methanol (2:1), based on 172 method of Folch et al. (1957) . Gross ash content was determined gravimetrically following 173 loss of mass after combustion of a sample in a muffle furnace at 550C for 12 h. Gross 174 energy was determined using a ballistic bomb calorimeter (PARR 6200, USA). 175
Total glucosinolates content in four canola meals were determined according to 176 method AOF4-1.22 of AOF (2007). On the basis of this method, CMs were heated to 177 destroy the natural myrosinase enzyme in these meals. Glucosinolates were then extracted by 178 water onto a solid phase extraction column. Myrosinase was then added and the samples 179 were incubated to allow the myrosinase enzyme to cleave the glucose molecules from the 180 glucosinolate moleculars. The glucose molecules were washed off the solid phase extraction 181 and the concentration determined by calorimetric reaction. A calculation was then used to 182 determine glucosinolate concentration. 183
Total poly phenolics and total tannins were assayed based on the method of Makkar 184 et al. (1993) . Briefly, phenolic compounds from canola meals and lupin were extracted in 185 ethanol solution with the Folin Ciocalteu reagent and sodium carbonate added. The 186 supernatant containing phenols was measured at 725 nm using Merck standard tannic acid 187 solution for calibration. Then tannins from phenol containing extract were precipitated using 188 insoluble polyvinyl pyrrolidone (polyvinyl polypyrrolidone, PVPP), and the second 189 supernatant containing simple phenols was measured as above method. Total tannins were 190 determined by difference between the total phenolic content and the single phenolic content. while lower content of almost all amino acids of EX compared to SE were observed. Lysine 253 content was significantly lower in EX. In general, although some lower amino acid content 254 was recorded for CMs, sulfur containing amino acids and lysine were higher in the CMs than 255 in the lupin meal (Table 1) . 256
In addition to the nutritive values, anti-nutritional factors were also characterised in 257 this study. These include phenolic compounds (14.3 to19.9 g/kg DM), tannins (3.3 to 6.6 258 g/kg DM), phytic acid (26.6 to 45.2 g/kg DM) and glucosinolates (3.1 to 6.6 µmol/g DM). In 259 comparison with the lupin meal, all antinutritional compounds presented in the CMs were 260 consistently higher (Table 1) . Fibre (reported as NDF, ADF and lignin) content was higher in 261 the expeller CM than in the solvent meals (NDF 310 vs 240 to 250 g/kg DM respectively). 262 263
Dietary digestibility 264
Dietary ADCs of protein were virtually identical (82.0% to 83.8%) among the 265 different SE CM diets and were higher than that of EX CM diet (79.7%). Overall, the dietary 266 protein digestibility of SE CM diets was relatively similar to the reference diet (85.7%) but 267 less than that of the lupin diet (86.3%). The same trend was seen for amino acid 268 digestibilities (Table 4) . Lower dietary amino acid digestibilities were recorded for the EX 269 CM than for the SE CMs. The amino acid ADCs of the SE CMs were similar to those of the 270 lupin meal except for those of the SE CM from Footscray. 271
, The digestibility values of the test diets were consistent for both dry matter and 272 energy (except for lower values of SE-CM Footscray diet), and were lower than those of the 273 reference diet (detailed in Table 3) . 274 275
Ingredient digestibility 276
The findings from the present study indicate that there is an influence of oil extraction 277 methods on the ingredient protein digestibility of CMs. Protein digestibility of EX CM was 278 significantly lower than that of SE CMs (63.1% vs a range of 74.5-84.1%). Furthermore, 279
there was also a difference in protein digestibility amongst SE CMs. Protein digestibility of 280 CM Footscray was lower than those of CM Newcastle and Numurkah. There were no 281 significant differences amongst protein digestibility values of CM Footscray, CM Numurkah 282 and lupin meal; however a higher value was still recorded for the lupin meal (92.7 %). 283
There was no significant difference in the ADCs of dry matter among the different 284
CMs, although the lower value was still seen for SE CM Footscray (29.9%). The results 285
showed that dry matter digestibility did not exceed 50% for any of the CMs or the lupin 286
meal. 287
There was a correlation between DM digestibility and energy digestibility ( Fig. 1) , 288 therefore low DM digestibility reflected poor energy digestibility of CMs and lupin, except 289 for EX (poor DM digestibility but high energy digestibility). Energy digestibility of the SE 290 CMs and EX CM was similar and equivalent to that of lupin, excluding a significant lower 291 value (32.4%) recorded for solvent CM Footscray. 292
In general, amino acid availability reflected protein digestibility (Table 3) . Indeed, 293 many amino acid digestibility values were recorded exceeding 70% for canola meals which 294 were similar to protein values; however, for some amino acids, very low digestibility values 295 were observed (some below 50%), such as for histidine, cysteine, methionine and lysine in 296 expeller meal. There was substantial variation in amino acid digestibility among ingredients, 297 and a significant decrease in digestibility of almost all amino acids was reported for EX CM 298 compared to other ingredients. In some cases digestibility values over 100% were recorded, 299 such as for proline in all ingredients, and some other amino acids in the SE CM Newcastle. 300
Discussion 302 303
The findings of this study provide a comprehensive assessment of the influence of oil 304 extraction methods on the bioavailability of nutrients from various Australian canola meals 305 when fed to barramundi. These ingredient digestibility values were compared to a lupin 306 kernel meal which have previously been shown to have good acceptability as a plant protein 307 ingredient for use in barramundi (Glencross et al., 2011b) . 308 309
Variation in raw materials 310
Results of the present study showed that the processing method applied in canola oil 311 extraction process affects the nutritional composition of the canola meals and their 312 subsequent digestibility by barramundi. Indeed, a 61-109% higher level of oil, accompanied 313 with a reduction of 6-22% of protein content, was observed in the expeller meal compared 314 with the solvent-extracted meals. In terms of "protein quality", the loss of lysine content in 315 expeller canola meal was probably due to heat damage in canola processing (Carpenter, 316 1973) . 317
The variation in composition of the four canola meals from different regions suggests 318 that growing conditions (e.g. weather, soil quality) may also affect quality of canola meal. 319
Furthermore, canola meal crushers probably also influence the quality of produced canola 320 meal by adjusting quality parameters in processing (Clandinin et al., 1959; Bell, 1993; 321 Hickling, 2001 ). Moreover, different cultivars which were not identified in this study may be 322 a reason for dissimilarity in the qualities of the canola meals. In general, the Australian SE 323
CMs characterised in our study had protein (370-423g/kg DM) equivalent to European 324 meals and Canadian meals, but were higher in lipid content (40 -57g/kg DM) compared to 325 
Variation in ingredient digestibility 334
The findings of the current study indicate that the processes applied in oil extraction 335 to canola seed have affected not only their composition but also the digestibility of the meals 336 when fed to barramundi. Indeed, protein digestibility of the EX meal was lower than that of 337 SE meals (63.1% vs. 74.5-86.6%). The results of our study were dissimilar to the results of 338
Glencross
0 C and 150 0 C substantially depressed its digestible protein to 51.3% and 23.1% 343 respectively. In the present study, although operation temperature in oil processing of the 344
CMs was not described, substantial depletion of protein digestibility of the EX CM suggests 345 that high temperature was probably applied in the processing which might have caused 346
Maillard reactions leading to a modification of protein quality due to cross-linkages of amino 347 acids (Carpenter, 1973) . Spragg and Mailer (2007) described that in some canola oil 348 extraction plants the temperature can be increased up to 135 0 C to increase oil production. limited. In that study, the glucosinolate content was reported to be higher in the expeller 359 meal, but might not compromise its protein digestibility. In the present study, glucosinolate 360 content in the EX was similar or lower compared to those in the SE CMs; however, protein 361 digestibility of the EX CM was still much lower. This suggests that in our study with 362 barramundi, glucosinolates were not a factor depressing protein digestibility of the CMs. 
lower than that of European solvent-extracted rapeseed meal for trout (89-91%); however, in 370 that study, the canola meal was dehulled to reduce fibre content of the ingredient. In the 371 present study, the protein digestibility of the SE CM Footscray was lower compared to that 372 of SE CM Newcastle, which indicated that there was a certain variation in digestibility of the 373
CMs from different growing regions and different plants. These comparisons suggest that the 374 different canola meals significantly affect the digestible values determined for each species. 375
In regards to the expeller meal, the protein digestibility determined for barramundi in this 376 study was much lower than that reported for both for silver perch (Allan et al., 2000) and red 377 seabream (Glencross et al., 2004b) . 378
While amino acid digestibility generally reflects protein digestibility, in some cases, 379 there were some major differences in amino acid digestibility (Table 4) 
645
(*) mean for three replicates after removal of extreme outlier
